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A Regional Guidebook for Applying the Hydrogeomorphic Approach to Assessing
Wetland Functions of Wet Pine Flats on Mineral Soils in the Atlantic and Gulf Coastal

Plains (ERDC/EL TR-02-9)

ISSUE: Section 404 of the Clean Water Act
directs the U.S. Army Corps of Engineers to
administer a regulatory program for permitting the
discharge of dredged or fill material in “waters of
the United States.” As part of the permit review
process, the impact of discharging dredged or fill
material on wetland functions must be assessed.
On 16 August 1996 a National Action Plan to
Implement the Hydrogeomorphic Approach
(NAP) for developing Regional Guidebooks to
assess wetland functions was published.

RESEARCH OBJECTIVE: The objective of
this research was to develop a Regional
Guidebook for applying the Hydrogeomorphic
Approach to wet pine flats on mineral soils in the
Atlantic and Gulf coastal plains in the context of
the 404 Regulatory Program.

SUMMARY: The Hydrogeomorphic (HGM)
Approach is a collection of concepts and methods
for  developing  functional indices and
subsequently using them to assess the capacity of

a wetland to perform functions relative to similar
wetlands in a region. The Approach was initially
designed to be used in the context of the Clean
Water Act Section 404 Regulatory Program
permit review sequence to consider alternatives,
minimize impacts, assess unavoidable project
impacts, determine mitigation requirements, and
monitor the success of mitigation projects.
However, a variety of other potential applications
for the Approach have been identified, including:
determining minimal effects under the Food
Security Act, designing mitigation projects, and
managing wetlands.

AVAILABILITY OF REPORT: The report is
available at the following Web site:
http://www.wes.army.mil/el/wetlands/wipubs.html.
The report is also available on Interlibrary Loan
Service from the U.S. Army Engineer Research
and Development Center (ERDC) Research
Library, telephone (601) 634-2355, or the
following Web site: http://libweb.wes.army.mil/
index.htm.
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Preface

This Regional Guidebook was authorized by Headquarters, U.S. Army Corps
of Engineers (HQUSACE), as part of the Characterization and Restoration of
Wetlands Research Program (CRWRP). It is published as an Operational Draft
for field testing for a 2-year period. Comments should be submitted via the
Internet at the following address: Attp.//www.wes.army.mil/el/wetlands/
hgmhp.html. Written comments should be addressed to: Department of the Army,
Research and Development Center, CEERD-EE-W, 3909 Halls Ferry Road,
Vicksburg, MS  39180-6199.

The work was performed under Work Unit 32985, “Technical Development
of HGM,” for which Dr. Ellis J. Clairain, Jr., Environmental Laboratory (EL),
Vicksburg, MS, U.S. Army Engineer Research and Development Center
(ERDC), was the Principal Investigator. Mr. Dave Mathis, CERD-C, was the
CRWRP Coordinator at the Directorate of Research and Development,
HQUSACE; Ms. Colleen Charles, CECW-OR, served as the CRWRP Technical
Monitor’s Representative; Dr. Russell F. Theriot, EL, was the CRWRP Program
Manager; and Dr. Clairain was the Task Area Manager. Funding was provided by
the U.S. Environmental Protection Agency (EPA) Regions IV and VI, the U.S.
Federal Highway Administration, and the ERDC.

The report was prepared by Dr. Richard D. Rheinhardt, Ms. Martha Craig
Rheinhardt, and Dr. Mark M. Brinson, Biology Department, East Carolina
University, Greenville, NC. Dr. James Wakeley, EL, provided critical review.
Mr. William B. Ainslie, Project Manager, EPA Region IV, and Dr. Clairain
provided assistance and support. This work took place under the general
supervision of Dr. Morris Mauney, Jr., Chief, Wetlands and Coastal Ecology
Branch, EL; Dr. David J. Tazik, Chief, Ecosystem Evaluation and Engineering
Division, EL; and Dr. Edwin A. Theriot, Director, EL.

Preparation of this Regional Guidebook began with a workshop held at the
Ichuaway Joseph W. Jones Ecological Research Center in Newton, Georgia,
26-31 January 1997. Workshop participants were particularly instrumental in
establishing the framework for sampling and modeling functions, in suggesting
reference sites in their regions, in providing the names of others who could help
locate sites, and in providing critical comments on various drafts of the
Guidebook. In particular, Jeff Glitzenstein and Donna Streng were helpful in
showing the myriad of plants that inhabit Wet Pine Flats, pointing out their
distinguishing characteristics, and suggesting possible sampling protocols for
plant variables. They also helped identify pressed plants near the end of data
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collection. Tom Williams showed sites at Belle Baruch Lab that differed by
hydrologic condition and discussed the ramifications of hydrologic alterations on
functioning. Steve Faulkner (Louisiana State University) took us to some of his
research sites and helped fine-tune measurements of biogeochemical indicators.
Eric Fleming and Glenn Sandifer helped develop several variables, especially
drainage indicators by soil type.

In traveling over 10,000 miles (mostly on back-roads) in nine southeastern
states in the summer heat, we relied on the resources, talent, and goodwill of
many people in addition to workshop participants. Numerous ecologists and land
managers assisted in locating sites and, in some cases, helped collect field data.
These ecologists worked with universities, private hunting preserves and land
trusts, state natural resource agencies and land management agencies, and various
Federal land management agencies, including the U.S. Department of Defense,
USDA Forest Service, U.S. National Park Service, U.S. Army Corps of
Engineers, and USDA Natural Resources Conservation Service. We appreciate
all the help we received and regret if anyone has been left unacknowledged.

Jeff Twomey at Francis Marion National Forest, Rhonda and Earl Stewart at
Kisatchie National Forest, and Guy Anglin at Apalachicola National Forest
helped locate sites on USDA Forest Service lands. Doug Hutter showed us
around Big Thicket National Preserve and provided accommodations at the
research station there. Dena Thompson (Fort Stewart Army Base) and Bruce
Hagedorn (Eglin Air Force Base) helped locate sites on their bases in Florida and
Georgia, respectively, and provided camping accommodations. Tony Wilder
(Sandhill Crane National Wildlife Refuge) provided us with access to and air
photos of hundreds of hectares of restored sites and sites being restored on the
Refuge. Jennifer McCarthy of the U.S. Army Corps of Engineers (Norfolk,
Virginia) showed us wet hardwood flats all over southeastern Virginia.

Latimore Smith (Louisiana Natural Heritage Program), Mike Schafale (North
Carolina Natural Heritage Program), and Al Schotz (Alabama Natural Heritage
Program) helped locate sites in Louisiana, North Carolina, and Alabama,
respectively. Wade Kallinowski helped locate sites at the Webb Center in South
Carolina, while Tom Swayngham provided camping accommodations at the
Center. Bob McCormack and Maureen Nation (Week’s Bay National Estuarine
Research Reserve (NERR) in Alabama) permitted us to sample a site being
restored on NERR’s property.

Bert Shiflett and Virgil Dugan allowed us to sample sites on the private quail
plantations that they each managed. These sites were among the best managed
Wet Pine Flats still intact. Sam Pearsall permitted us to sample The Nature
Conservancy (TNC) sites throughout the Southeast. Ike McWhorter (TNC,
Texas) and Margit Bucher (TNC, North Carolina) directed us to intact sites and
to sites under restoration on TNC land. Dave Ruple (TNC, Alabama) directed us
to TNC sites near Mobile, Alabama, and provided air photos of potential
reference sites.

Judy Stout and Lee Stanton (Dauphin Island Marine Lab) directed us to their
research sites and to other nearby sites in southern Alabama and assisted in



sampling one site. Judy also arranged for us to stay in research housing at the
Dauphin Island Lab while we were working in the area. While there, we were
able to organize our data and plant specimens and acquire much needed (and
overdue) rejuvenation. We also greatly appreciate the assistance of Angus
Gholson (Chattahoochee, Florida) in identifying plants, many of which were
incomplete specimens. His private, speciose herbarium would be the envy of
most universities.

Tom Thornhill, acting manager of the Sandhill Crane National Wildlife
Refuge, allowed us to test the Guidebook on refuge lands, February 9-11, 1999.
Participants in the field-testing help provide critical feedback for improving the
Guidebook. Participants included Ellis J. Clairain, Jr., and Steve Sprecher (U.S.
Army Engineer Research and Development Center, Vicksburg, MS), Rhonda
Evans (U.S. EPA Region V), Sue Grace (USGS National Wetlands Research
Center), Guy Anglin (USDA Forest Service), James Barlow, Karen Dove, Jake
Duncan, Art Hosey, Cindy House-Pearson, Frank Hubiak, Richard Legere, Scott
McLendon, and Medrick Northrop (all from Corps of Engineers field offices),
Hildreth Cooper and Bruce Porter (U.S. Fish and Wildlife Service), George
Ramseur (The Nature Conservancy), Latimore Smith (Louisiana Natural
Heritage Survey), Durk Stevenson (Fort Stewart Fish and Wildlife Branch),
Ronnie Thomas and Ralph Thorton (USDA Natural Resource Conservation
Service), Angie Yelverton (CZR, Inc.), David Borland (A.F. Clewell, Inc.), and
Steve Faulkner (LSU). We are especially grateful to Sue Grace for helping locate
appropriate field-testing sites on the Refuge and for providing logistical and
instructional support.

At the time of publication of this report, Dr. James R. Houston was Director
of ERDC, and COL John W. Morris III, EN, was Commander and Executive
Director.

This report should be cited as follows:

Rheinhardt, R. D., Rheinhardt, M. C., and Brinson, M. M. (2002).
“A regional guidebook for applying the hydrogeomorphic approach
to assessing wetland functions of wet pine flats on mineral soils in
the Atlantic and Gulf coastal plains,” ERDC/EL TR-02-9, U.S.
Army Engineer Research and Development Center, Vicksburg, MS.

The contents of this report are not to be used for advertising, publication,
or promotional purposes. Citation of trade names does not constitute an
official endorsement or approval of the use of such commercial products.
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1 Introduction

The Hydrogeomorphic (HGM) Approach is a collection of concepts and
methods used in concert to develop functional indices and apply them to the
assessment of wetland functions. The functional indices developed using the
HGM Approach were initially intended to be used in assessing the impact of
dredge and fill projects on wetland functions under the Clean Water Act Section
404 Regulatory Program. However, their potential for use in a wide variety of
situations requiring the assessment of wetland functions has subsequently
become clear. Potential applications that have been identified include the
avoidance or minimization of project impacts, comparison of project alternatives,
minimal effects determinations (Food Security Act), assessment of project
impacts, determination of mitigation requirements, monitoring of mitigation
success, design of mitigation projects, and testing wetland management
strategies.

On June 20, 1997, the National Action Plan to Implement the Hydrogeomor-
phic Approach (NAP) was published (National Interagency Implementation
Team 1996). The NAP, developed cooperatively by the U.S. Army Corps of
Engineers (USACE), U.S. Environmental Protection Agency (USEPA), Natural
Resources Conservation Service (NRCS), Federal Highways Administration
(FHWA), and U.S. Fish and Wildlife Service (USFWS), was designed to pro-
mote the development of Regional Guidebooks for assessing wetland functions
using the HGM Approach and to solicit broad cooperation and participation by
Federal, State, and local agencies, academia, and the private sector. In addition,
the NAP updated the status of Regional Guidebook development and provided
guidance for future development of Regional Guidebooks.

This Regional Guidebook is a result of applying the HGM Approach to Wet
Pine Flats on mineral soils in the Atlantic and Gulf coastal plains. In developing
the Regional Guidebook, preliminary data from Wet Pine Flats in North Carolina
(Rheinhardt et al. 1997) were used to provide a starting template for a workshop
held at the Ichuaway Joseph W. Jones Ecological Research Center in Newton,
Georgia January 27-31, 1997. This workshop was attended by hydrologists, bio-
geochemists, soil scientists, wildlife biologists, and plant ecologists from the
public, private, and academic sectors who had extensive knowledge of Wet Pine
Flats (Table 1).

Chapter 1 Introduction



Table 1

Interdisciplinary Team of Scientists Participating in Workshop Held
in Ichuaway, GA, at Joseph W. Jones Ecological Research Center,
27-31 January 1997

Expertise Name (Organization)

Hydrology Hans Riekerk (University of Florida)

Tom Williams (Clemson University)

Mary Davis (U.S. Army Engineer Waterways Experiment Station)

Eric Fleming (NRCS SE Wetlands Team, Columbia, SC)

Robert Tighe (NW Florida Water Management District)

Karl Faser (East Carolina University)

Biogeochemistry Mark Brinson (East Carolina University)

Steve Faulkner (Louisiana State University)

Larry West (University of Georgia)

Glenn Sandifer (NRCS SE Wetlands Team, Columbia, SC)

Kathrine Trott (U.S. Army Engineer, West Palm Beach, FL)

Martha Rheinhardt (East Carolina University)

Biology Rick Rheinhardt (East Carolina University)

Jeff Glitzenstein (Tall Timbers Research Lab)

Kay Kirkman (Jones Ecological Research Lab)

Bruce Means (Coastal Plains Institute)

Brian Watts (College of William and Mary)

Michael Duever (The Nature Conservancy)

The objectives of this Regional Guidebook are to: (a) characterize mineral
soil Wet Pine Flats, (b) document the selection of wetland functions and the
development of assessment models, (¢c) document the location of reference
wetlands and the use of reference wetland data in calibrating functional indices,
and (d) present a method for applying functional indices to the assessment of
wetland functions.

The remainder of this document is organized as follows: Chapter 2 provides
a brief overview of the components and application of the HGM Approach.
Chapter 3 characterizes mineral soil Wet Pine Flats in terms of historic condition,
geographical extent, climate, geomorphic setting, hydrologic regime, vegetation,
soils, and other relevant factors. Chapter 4 discusses the wetland functions and
assessment models that have been developed for Wet Pine Flats. For each
function the discussion includes a definition, a description of the wetland eco-
system and landscape characteristics that influence the function, a definition and
description of model variables, a discussion of how model variables were aggre-
gated in the assessment model, and the rationale used in calibrating the model
using data from reference wetlands. Chapter 5 outlines the steps that are neces-
sary to conduct an assessment and includes the necessary field forms and other
information. Appendix A (Field Supplement) contains a summary of definitions
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for all model variables and Functional Capacity Indices, mechanisms for calcu-
lations, and field data sheets.

Chapter 1 Introduction



2 Overview of the
Hydrogeomorphic
Approach

The HGM Approach consists of four major components that include hydro-
geomorphic classification, reference wetlands, assessment models and functional
indices, and application procedures. The first three components of the HGM
Approach are addressed during a Development Phase by an interdisciplinary
team of experts, or A-Team (Assessment Team). The Development Phase begins
with the A-Team classifying the wetlands within a region into regional sub-
classes using the principles and criteria of the Hydrogeomorphic Classification
(Brinson 1993). Next, focusing on a specific Regional Wetland Subclass, the A-
Team characterizes the historic and current ecological condition of the subclass.
The team then identifies the important wetland functions, defines the factors that
influence each function, and conceptualizes an assessment model for each func-
tion. Next, the team identifies and collects field data from a group of reference
wetlands that represent the range of variability, both natural and anthropogeni-
cally induced, exhibited by the regional subclass. Field data from reference wet-
lands is then used to calibrate variables and fine-tune initially conceptualized
assessment models. Finally, the A-Team develops a set of procedures for apply-
ing the functional indices to the assessment of wetland functions. The product
resulting from the Development Phase is a Regional Guidebook for assessing the
functions of a Regional Wetland Subclass. During the Application Phase of the
HGM Approach, the application procedures outlined in the Regional Guidebook
are applied to specific projects requiring the assessment of wetland functions by
regulators, managers, consultants, and other end users.

Hydrogeomorphic classification, reference wetlands, assessment models and
functional indices, and application procedures are discussed briefly below. More
extensive discussions can be found in Brinson (1993, 1995), Brinson (1996a,b),
Smith et al. (1995), Brinson and Rheinhardt (1996, 1997), Rheinhardt, Brinson,
and Farley (1997), Smith and Wakeley (in preparation), Brinson et al. (1999),
and Rheinhardt et al. (1999).
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Hydrogeomorphic Classification

Wetlands ecosystems share a number of attributes including hydroperiods
that produce anaerobic conditions for long periods, dominance by hydrophytic
vegetation, and presence of hydric soils. However, despite these common fea-
tures, wetlands exist under a wide range of climatic, geologic, and physiographic
situations and exhibit a wide variety of physical, chemical, and biological char-
acteristics. The variability exhibited by wetlands coupled with the short time
frames for conducting assessments present challenges in developing accurate and
practical methods for assessing wetland condition. More “generic” methods, de-
signed to assess multiple types of wetlands, lack the level of detail necessary to
detect significant changes in function. In order to assess wetland functions at the
appropriate level of resolution and within a short time frame, the amount of natu-
ral variability exhibited by the wetlands under consideration must be considered
in assessment (Smith et al. 1995). This is done by first separating (classifying)
wetlands by regional subclass. A wetland's potential to function is then deter-
mined relative to reference data obtained from relatively unaltered sites belong-
ing to wetlands within its Regional Wetland Subclass.

The HGM Classification (Brinson 1993) was developed specifically to ac-
complish this task. Its objective was to identify broad groups of wetlands that
function similarly using three criteria that fundamentally influence how wetlands
function: geomorphic setting, water source, and hydrodynamics. Geomorphic set-
ting refers to the landform in which the wetland occurs, its geologic evolution,
and its topographic position in the landscape. Water source refers to the origina-
tion of water just prior to entering the wetland. The three primary water sources
are precipitation, overbank flow (in riverine systems), and groundwater dis-
charge. Hydrodynamics refers to the level of energy and the direction that water
moves in a wetland.

Based on these three classification criteria, any number of “functional”
wetland groups can be identified at different spatial or temporal scales. For ex-
ample, at a broad continental scale, Brinson (1993) identified five hydrogeomor-
phic wetland classes. These were later expanded (Smith et al. 1995) to the seven
classes described in Table 2. In most cases, the level of variability encompassed
by each of these broad hydrogeomorphic classes is too wide to allow develop-
ment of assessment models that can be applied rapidly while being sensitive
enough to detect significant change in function. For example, the depression
wetland class includes wetland ecosystems in different regions as diverse as ver-
nal pools in California (Zedler 1987), prairie potholes in North and South Dakota
(Hubbard 1988; Kantrud, Krapu, and Swanson 1989), playa lakes in the High
Plains of Texas (Bolen, Smith, and Schramm 1989), kettles in New England, and
cypress domes in Florida (Kurz and Wagner 1953, Ewel and Odum 1984). These
depressional wetlands all differ from one another with respect to hydrologic re-
gime, vegetation, soils, type of surrounding landscape, and climatic influences.

In order to make an assessment method tractable, one must first identify the

Regional Wetland Subclass of a wetland by applying the classification criteria at
a spatial scale that reduces both inter-regional and intra-regional variability. In
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Table 2
Hydrogeomorphic Wetland Classes at a Continental Scale

Hydrogeomorphic
Wetland Class Definition

Depressional Depressional wetlands occur in topographic depressions. Dominant water sources are precipitation,
groundwater discharge, and interflow from adjacent uplands. The direction of flow is normally from
the surrounding uplands toward the center of the depression. Elevation contours are closed, thus
allowing the accumulation of surface water. Depressional wetlands may have any combination of
inlets and outlets or may lack them completely. Dominant hydrodynamics are vertical fluctuations,
primarily seasonal. Depressional wetlands may lose water through intermittent or perennial drainage
from an outlet and by evapotranspiration and, if they are not receiving groundwater discharge, may
slowly contribute to groundwater. Peat deposits may develop in depressional wetlands. A prairie
pothole is an example of a depressional wetland.

Slope Slope wetlands normally are found where there is a discharge of groundwater to the land surface.
They normally occur on sloping land; elevation gradients may range from steep hillsides to slight
slopes. Slope wetlands are usually incapable of depressional storage because they lack the neces-
sary closed contours. Principal water sources are usually groundwater return flow and interflow from
surrounding uplands as well as precipitation. Hydrodynamics are dominated by downslope unidirec-
tional water flow. Slope wetlands can occur in nearly flat landscapes if groundwater discharge is a
dominant source to the wetland surface. Slope wetlands lose water primarily by saturation subsur-
face and surface flows and by evapotranspiration. Slope wetlands may develop channels, but the
channels serve only to convey water away from the slope wetland. A fen is an example of a slope
wetland.

Riverine Riverine wetlands occur in floodplains and riparian corridors in association with stream channels.
Dominant water sources are overbank flow from the channel or subsurface hydraulic connections
between the stream channel and wetlands. Additional water sources may be interflow and return
flow from adjacent uplands, occasional overland flow from adjacent uplands, tributary inflow, and
precipitation. When overbank flow occurs, surface flows down the floodplain may dominate
hydrodynamics. At their headwater, most extension, riverine wetlands often intergrade with slope or
depressional wetlands as the channel (bed) and bank disappear, or they may intergrade with poorly
drained flats or uplands. Perennial flow is not required. Riverine wetlands lose surface water via the
return of floodwater to the channel after flooding and through saturation surface flow to the channel
during rainfall events. They lose subsurface water by discharge to the channel, movement to deeper
groundwater (for losing streams), and evapotranspiration. Peat may accumulate in off-channel de-
pressions (oxbows) that have become isolated from riverine processes and are subjected to long
periods of saturation from groundwater sources. A forested floodplain of a bottomland hardwood
forest is an example of a riverine wetland.

Mineral Soil Flats Mineral soil flats are most common on interfluves, extensive relic lake bottoms, or large floodplain
terraces where the main source of water is precipitation. They receive virtually no groundwater dis-
charge, which distinguishes them from depressions and slopes. Dominant hydrodynamics are verti-
cal fluctuations. Mineral soil flats lose water by evapotranspiration, saturation overland flow, and
seepage to underlying groundwater. They are distinguished from flat upland areas by their poor
vertical drainage, often due to hardpans, and low lateral drainage, usually due to low hydraulic
gradients. Mineral soil flats that accumulate peat can eventually become the class organic soil flats.
A pine savanna with hydric soils is an example of a mineral soil flat wetland.

Organic Soil Flats Organic soil flats, or extensive peatlands, differ from mineral soil flats, in part because their elevation
and topography are controlled by vertical accretion of organic matter. They occur commonly on flat
interfluves, but may also be located where depressions have become filled with peat to form a rela-
tively large flat surface. Water source is dominated by precipitation, while water loss is by evapo-
transpiration, saturation overland flow, and seepage to underlying groundwater. Raised bogs share
many of these characteristics, but may be considered a separate class because of their convex up-
ward form and distinct edaphic conditions for plants. A pocosin is an example of an organic soil flat
wetland.

(Continued)
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Table 2 (Concluded)

Hydrogeomorphic
Wetland Class

Definition

Estuarine Fringe

Tidal fringe wetlands occur along coasts and estuaries and are under the influence of sea level.
They intergrade landward with riverine wetlands where tidal current diminishes and river flow
becomes the dominant water source. Additional water sources may be groundwater discharge and
precipitation. The interface between the tidal fringe and riverine classes is where bidirectional flows
from tides dominate over unidirectional ones controlled by floodplain slope of riverine wetlands.
Because tidal fringe wetlands frequently flood and water table elevations are controlled mainly by
sea surface elevation, tidal fringe wetlands seldom dry for significant periods. Tidal fringe wetlands
lose water by tidal exchange, by saturated overland flow to tidal creek channels, and by
evapotranspiration. Organic matter normally accumulates in higher elevation marsh areas where
flooding is less frequent and the wetlands are isolated from shoreline wave erosion by intervening
areas of low marsh. A Spartina alterniflora salt marsh is an example of an estuarine fringe wetland.

Lacustrine Fringe

Lacustrine fringe wetlands are adjacent to lakes where the water elevation of the lake maintains the
water table in the wetland. In some cases, these wetlands consist of a floating mat attached to land.
Additional sources of water are precipitation and groundwater discharge, the latter dominating where
lacustrine fringe wetlands intergrade with uplands or slope wetlands. Surface water flow is bidirec-
tional, usually controlled by water-level fluctuations such as seiches in the adjoining lake. Lacustrine
fringe wetlands are indistinguishable from depressional wetlands where the size of the lake
becomes so small relative to fringe wetlands that the lake is incapable of stabilizing water tables.
Lacustrine wetlands lose water by flow returning to the lake after flooding, by saturation surface flow,
and by evapotranspiration. Organic matter normally accumulates in areas sufficiently protected from
shoreline wave erosion. An unimpounded marsh bordering one of the Great Lakes is an example of
lacustrine fringe wetland.

many parts of the country, wetland classifications exist to serve as a starting point
for developing a regional HGM Classification (Stewart and Kantrud 1971; Golet
and Larson 1974; Wharton et al. 1982; Rheinhardt, Brinson, and Farley 1997;
Rheinhardt et al. 1998; and Rheinhardt and Rheinhardt 2000). Regional Wetland
Subclasses, like the wetland classes, can be distinguished on the basis of geomor-
phic setting, water source, and hydrodynamics. In addition, certain ecosystem or
landscape characteristics may also be useful for distinguishing regional
subclasses in certain regions. For example, regional depression subclasses might
be based on water source (i.e., groundwater versus precipitation) or the degree of
connection between the wetland and other surface waters (i.e., the flow of surface
water into or out of the depression through defined channels). In the estuarine
fringe class, subclasses could be based on salinity gradients or whether water
level fluctuations are controlled by lunar tides or wind. Regional slope subclasses
might be based on the degree of slope, landscape position, the source of water
(i.e., overland flow versus groundwater discharge), or other factors. Regional
riverine subclasses could be based on their primary water source (over-bank flow
or groundwater discharge), position in the watershed, stream order, watershed
size, channel gradient, or floodplain width. Examples of potential regional
subclasses are shown in Table 3; data on these subclasses are provided by Smith
et al. (1995), Rheinhardt, Brinson, and Farley (1997), Rheinhardt et al. (1998),
Ainslie et al. (1999), Rheinhardt et al. (2000), Rheinhardt and Rheinhardt (2000).
Regional Guidebooks include a thorough characterization of a Regional Wetland
Subclass in terms of its geomorphic setting, water sources, hydrodynamics,
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Table 3

Potential Regional Subclasses in Relation to Geomorphic Setting, Dominant Water
Source, and Hydrodynamics

Geomorphic Setting

Dominant Water
Source

Dominant
Hydrodynamics

Potential Regional Subclasses

Eastern USA

Western USA/Alaska

Riverine Overbank flow from Unidirectional, Bottomland hardwood Riparian forested
channel horizontal forests wetlands

Depressional Return flow from Vertical Prairie pothole California vernal pools
groundwater and marshes
interflow

Slope Return flow from Unidirectional, Fens Avalanche chutes
groundwater horizontal

Mineral soil flats Precipitation Vertical Wet pine flats Large playas

Organic soil flats Precipitation Vertical Peat bogs; portions of Peat bogs

Everglades

Estuarine fringe Overbank flow from Bidirectional, Chesapeake Bay San Francisco Bay
estuary horizontal marshes marshes

Lacustrine fringe Overbank flow from Bidirectional, Great Lakes marshes Flathead Lake
lake horizontal marshes

vegetation, soil, and other attributes that were taken into consideration during the
classification process.

Reference Wetlands

Reference wetlands are wetland sites that represent the range of variability
that occurs in a Regional Wetland Subclass as a result of natural processes (e.g.,
succession, channel migration, fire, erosion, and sedimentation) and anthropo-
genic alterations. The HGM Approach uses reference wetlands to accomplish
several objectives. First, they provide concrete physical examples of wetlands
from a regional subclass whose characteristics can be observed and measured.
Thus, reference wetlands can be used to further research and increase public
awareness of their value to society. Second, reference wetlands establish the
range of variability that exists in the regional subclass within the Reference Do-
main (the geographic area from which reference wetlands are selected). Finally,
they provide data for calibration of assessment model variables and functional
indices (see Chapter 3).

Reference standard wetlands are a subset of reference wetlands that achieve a
level of functioning that is both characteristic for the subclass and sustainable

across the suite of functions inherent to the subclass. Generally, they are the least
altered wetland sites in the least altered landscapes. By definition, the functional
index for all functions in reference standard wetlands is 1.0. Reference standards
are the range of conditions exhibited by assessment model variables in reference
standard wetlands. By definition, the variable subindex for assessment model
variables in reference standard wetlands is 1.0 (Brinson, 1995, Smith et al. 1995,
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Brinson and Rheinhardt 1996, Rheinhardt et al. 1999). The Glossary presents ref-
erence wetland terms and definitions used in the HGM Approach.

Assessment Models and Functional Indices

In the HGM Approach, assessment models are simple representations of
functions performed by a regional wetland subclass initially identified by the
A-Team during the development phase and revised after an analysis of reference
data. Assessment model variables represent attributes of a wetland ecosystem of
a given subclass, and in some cases, attributes of surrounding landscape. As-
sessment models, in turn, define the relationship between one or more of these
attributes and the functional capacity or condition of a wetland ecosystem.

Functional capacity is simply the ability of a given wetland subclass to per-
form a function at a level characteristic to the subclass. The condition of model
variables used to determine functional capacity vary depending on degree to
which a given wetland has been altered and is measured relative to the range of
conditions exhibited the least altered wetlands of the regional subclass (reference
standard wetlands). For example, plant species richness can be more or less rich,
overbank flow can be more or less frequent, and soils can be more or less perme-
able than the least altered wetlands of the Regional Wetland Subclass. Model
variables are assigned a subindex ranging from 0.0-1.0 based on the degree to
which a wetland’s condition varies relative to the range of conditions exhibited
by reference standard wetlands (reference standard). When the condition of a
variable is similar to the reference standard, it is assigned a subindex of 1.0. The
conditions of variables that deviate from the range of conditions exhibited by
reference standard wetlands are assigned lower values; the more a variable devi-
ates from the reference standard, the lower its variable subindex will be. Lower
subindices are reflected in lower functional capacities (i.e., the more a given
wetland deviates from reference standard wetlands in its characteristic
functioning)

In addition to defining the relationship between each variable and functional
capacity, the assessment model defines the relationship among variables. Vari-
ables are combined to produce a functional capacity index (FCI) using an aggre-
gation equation. The FCI, ranging from 0.0-1.0, is a measure of the functional
capacity of a wetland to perform a function relative to the level characteristic of
the regional subclass to which it belongs. Thus, wetlands with a functional ca-
pacity index of 1.0 exhibit conditions similar to reference standard wetlands (i.e.,
within the range of natural variability for the functional capacity of the subclass).
The FCI decreases as conditions deviate from reference standards.

Application Procedures

Once the Development Phase is completed, the application procedures out-
lined in the Regional Guidebook can be used to assess wetland functions in the
context of regulatory, planning, or management programs (Brinson, 1995, Smith
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et al. 1995, Brinson and Rheinhardt 1996, Rheinhardt et al. 1999). The Applica-
tion Phase includes a characterization, assessment and analysis, and application
component. Characterization involves describing the wetland ecosystem and the
surrounding landscape, describing the proposed project and its potential impacts,
and identifying the wetland areas to be assessed. Assessment and analysis in-
volves collecting the field data necessary to run the assessment models and cal-
culating functional indices for the wetland assessment areas under existing (i.e.,
preproject conditions), and if necessary, postproject conditions. Application in-
volves applying the results of the assessment to alternative analysis, assessing
potential impacts, determining compensatory mitigation, designing restoration
projects, monitoring the success of mitigation compliance, comparing wetland
management alternatives or their results, determining restoration potential, or
identifying sites for acquisition (Smith et al. 1995).
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3 Characterization of Wet
Pine Flats on Mineral Soil

Organic and Mineral Soil Wet Flats in the
Southeastern United States

Wet (hydric) flats include wetlands on both organic and mineral soils. In the
southeastern United States wet flats occur on the subdued and poorly dissected
interfluvial marine terraces of the coastal plain. Hydric conditions have devel-
oped on these interfluvial flats primarily in response to abundant rainfall and
slow drainage associated with a landscape of low relief. Based on the extent of
hydric soils mapped in each state, wet flats (mineral and organic) may comprise
20-30 percent of the coastal plain landscape from southeastern Virginia to south-
eastern Texas.

Wet flats on organic soils (Histosols) are called pocosins in the Carolinas and
baygalls or bayheads elsewhere. These southern ombrotrophic peatlands tend to
differ from flats of mineral soil in both geomorphology and vegetation. Pocosins
are generally located on topographic highs; they are dominated by evergreen
shrubs, and most burn as a normal occurrence about every 15-30 years (Richard-
son 1981). Although the hydrologic regime of pocosins is precipitation driven,
water flows outward from the center and eventually coalesces to form headwater
streams near its outer boundaries (Brinson 1991).

Wet flats on mineral soils are primarily associated with poorly drained sandy
and loamy Ultisols and Alfisols (mostly Aquults and Aqualfs, respectively), but
also are associated with various Spodosols, Inceptisols, and Mollisols. Two types
(subclasses) of wet flats occur on mineral soils: (a) Wet Hardwood Flats, char-
acterized by a closed canopy of mixed hardwoods; and (b) Wet Pine Flats, char-
acterized by an open savanna of shade-intolerant forbs and graminoids with
widely scattered pines. Differences in origin and physiognomy between these
two distinct subclasses are discussed more thoroughly in the following
paragraphs.

Chapter 3 Characterization of Wet Pine Flats on Mineral Soil
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Wet Pine Flats on Mineral Soils

Historic condition and exploitation of Wet Pine Flats

To understand the relationships among Wet Pine Flats and Wet Hardwood
Flats (both occurring on mineral soils) and pocosins (occurring on organic soils),
it is necessary to understand the evolution and maintenance of these ecosystems
prior to the arrival of Europeans and the effect that anthropogenic alterations
have had since then. This perspective is important because, in many cases, al-
terations have made it difficult to distinguish among the three types of wet flats.

Fire was such a pervasive and regular feature of the terrestrial landscape
prior to European colonization that the structure and functioning of entire eco-
systems depended on frequent fire (Ware, Frost, and Doerr. 1993). Both floral
and faunal components of many southeastern ecosystems evolved not only to tol-
erate frequent fire but to require fire to complete critical phases of their life cy-
cles. Fire also prevented fire-intolerant species from competing successfully with
fire-evolved species.

In describing his botanical excursions throughout the Southeast, Bartram
(1791) described vast open, parklike savannas through which he traveled unob-
structed on horseback for days at a time. In riding through coastal south Georgia,
Bartram wrote, “The next day’s progress, in general, presented scenes similar to
the preceding, though the land is lower, more level, and humid, and the produce
(vegetation) more varied: high, open forests of stately pines, flowery plains, and
extensive green savannas...”

Open forests and extensive savannas could only have been maintained by fre-
quent fire. An examination of pollen records suggests that prior to the arrival of
Native Americans (12,000-15,000 years ago) and until the time of European
colonization, it is likely that vast areas of the southeastern coastal plain burned
frequently (Buell 1946, Delcourt 1980, Cohen et al. 1984). Fires were caused by
lightning (Komarek 1964, 1974) and by indigenous people to improve habitat for
game (Catesby 1654, Lawson 1714, Bartram 1791, Pyne 1982). Extensive areas
of the lower (outer) coastal plain were covered with such a contiguous ground
layer of flammable grasses and herbs that one lightning strike could initiate a
burn that could spread over vast areas of the landscape (Ware, Frost, and Doerr
1993), burning both wet flats and adjacent upland flatwoods. Even summer rains
were unlikely to extinguish such fires because embers could smolder for days in
fallen logs and snags and spread from there when rains ceased. The only areas
immune to frequent fires were small areas isolated by open water or areas where
soils were saturated for long periods (i.e., pocosins, stream bottom swamps,
marshes, and wet hardwood forests on fine-textured soils).

In studying the frequency and distribution of lightning strikes, Komarek
(1964, 1974) estimated that lightning alone could have burned all coastal plain
flats every year if there were enough fuel available. At a frequency of 1-3 years,
fire kept the woody understory clear and kept fuel loads low. Thus, fires were
almost always “cool” ground fires. Destructive crown fires were probably
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extremely rare and probably never occurred in savannas. Frequent fire not only
prevented the invasion of fire-intolerant hardwoods into savannas but kept shrub
density and cover very low. The combination of sparse canopy and clear under-
story enabled the evolution of a rich and multilayered community of grasses and
showy forbs (Frost, Walker, and Peet 1986). Some of these species, in turn,
evolved to perpetuate themselves by developing flammable leaves.

Although Native Americans used fire to drive game and manage open habi-
tat, lightning-set fires would have been frequent enough in the outer coastal plain
to preclude the necessity of setting fires. Lightning-set fires would have been less
common in the inner coastal plain where the landscape is more dissected by
drainages (Harcomb et al. 1993). Thus, the frequency of fire in the inner coastal
plain may have increased somewhat following habitation of the area by Native
Americans.

Ware, Frost, and Doerr (1993), in their overview of the vegetation and ex-
ploitation of lowland forests in the Southeast, calculated that 94 percent of the
presettlement coastal plain landscape from Virginia to southeastern Texas (ex-
cluding riverine and coastal wetlands) was fire maintained. Although they did not
separate wet flats from upland flatwoods in their estimates, trends in exploitation
were likely similar. By 1900, 50 percent of natural fire-maintained longleaf pine
flatwoods (and wet pine flats) had been severely altered, and by 1990, almost all
of the remaining flats had been altered (Ware, Frost, and Doerr 1993). Thus, less
than 2 percent of the pre-colonial, fire-maintained landscape remained intact by
2000.

A number of anthropogenic alterations have been responsible for the demise
of intact and fully functioning wet flats in the Southeast, including (a) landscape
fragmentation caused by development associated with an expanding human
population, particularly near urban areas, (b) conversion of wet flats to short ro-
tation pine silviculture that relies on bedding and other mechanical manipulations
of the soil and groundcover, (c) widespread fire exclusion, primarily to protect
agri-forestry interests, and (d) drainage and conversion to agriculture. As a result
of these manipulations, unaltered Wet Pine Flats are extremely rare today.

Present condition of remnant Wet Pine Flats

Near the coast, Wet Pine Flats tend to grade directly into coastal or estuarine
wetlands. On more inland marine terraces, where land is a bit more dissected,
Wet Pine Flats are sinuous, interdigitating geomorphic features (tens to hundreds
of meters across) that flow through uplands of low relief. Interspersed within
these Wet Pine Flats are forested depressions through which water flows as it
follows gradients in the landscape. Sometimes, Wet Pine Flats gain enough water
to support a sparse canopy of pond cypress (Taxodium ascendens). Eventually,
these systems accumulate sufficient water to form headwater streams, which are
dominated by a closed canopy of deciduous mixed hardwoods.

Some areas that appear to be flats may actually be expansive, precipitation-
driven depressional system areas with no discernible outlet. Such depressions
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would be identifiable only with precise surveying since they would be impossible
to identify in the field. In any case, some expansive depressions probably func-
tion in a similar manner as flats because the source and fate of water (precipita-
tion and evapotranspiration (ET), respectively) are similar, the main difference
being that broad depressions lack sheet flow. Therefore, they tend to be located
toward the wettest end of the moisture gradient for wet flats. Because flooding
duration is similar, many large depressions are also similar in vegetation, soils,
and fire return interval. Therefore, evaluations of broad depressions using the
models provided in this guidebook could be useful for assessment purposes, as
long as one realizes that hydrologic functioning differs and, therefore, alterations
involving filling, damming, and importation of water could not be assessed
correctly with the hydrologic model. Likewise, fire-maintained slope wetlands,
such as those occurring in Kisatchie National Forest (Louisiana) and in the
Sandhills of North Carolina, are similar to Wet Pine Flats in the plant and animal
species they support. However, slope wetlands differ from flats in hydrologic and
biogeochemical functions as a consequence of groundwater, rather than of
precipitation, being their primary source of water.

Many relatively unaltered, extant sites are located on public lands such as
National Forests, U.S. Department of Defense bases, state game lands, etc. How-
ever, many private organizations also own intact sites. In fact, some of the best
managed sites belong to private quail hunting preserves that have been managed
with prescribed burning for decades, presumably initiated after natural fires be-
came too infrequent to maintain an open understory required for quail.

Reference Domain of Wet Pine Flats

Reference Domain is defined as the geographic region within which all refer-
ence wetlands of a specific HGM subclass occur (Smith et al. 1995). In general,
the Reference Domain for Wet Pine Flats coincides with the following Major
Land Resource Areas (MLRA) mapped by the United States Department of Ag-
riculture (USDA) (1981): 152A, 152B, most of 153A (excluding only the north-
ern section north of the Tar River in North Carolina), and the very southern
portion of unit 153B (including only the southern section south of the Neuse
River in North Carolina). Thus, the geographic region for Wet Pine Flats covered
by this guidebook encompasses most of the Atlantic and Gulf coastal plains from
southeastern North Carolina (approximately 35 degnorth latitude) southward to
coastal northeast Florida and westward from the eastern Florida panhandle to the
Big Thicket area in southeastern Texas (Figure 1).

The western limit (in eastern Texas) of Wet Pine Flats is somewhat distinct
due to the sharp drop in annual rainfall west of the Big Thicket area in East
Texas. Unfortunately, the historic northernmost limit of Wet Pine Flats (in
MLRA 153A and 153B) is somewhat indistinct because no intact pine flats re-
main north and east of Pender County, North Carolina, even though seemingly
suitable soil types occur there. However, it appears that Wet Pine Flats
historically occurred in the outer coastal plain at least as far north as the Neuse
River (in Carteret and Craven Counties) and in the inner coastal plain perhaps as
far north as the Tar River.
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Figure 1. Reference Domain for Wet Pine Flats. Numbers refer to Major Land
Resource Areas (MLRA) mapped by the United States Department of
Agriculture (USDA 1981). Dashed lines denote location of mineral soil
Wet Hardwood Flats: to the west of dashed line in MLRA 1252B,
within lines in Mississippi alluvial belt, to the east of dashed line in
MLRA 152A, and to the north of dashed line in MLRA 153B

Interestingly, wet flats appear to be absent from south-central Georgia and
north-central Florida. This may be related to the slightly drier climate there.
However, north-central Florida and south-central Georgia are also underlain by
calcareous substrate, which may also facilitate subsurface drainage. Thus, the
Reference Domain for mineral soil Wet Pine Flats excludes peninsular Florida
(except coastal northeastern Florida) and south-central Georgia. However, south
Florida supports very similar Wet Pine Flat ecosystems, and, although no refer-
ence sites were included from south Florida, this guidebook could probably be
successfully used there with little or no modification.

At the northern limit of the Reference Domain, organic soils (supporting po-
cosins) and clay-rich mineral soils (supporting Wet Hardwood Flats) occur over
extensive areas. Both soil types tend to hold water longer than the loams and
sandy loams associated with most Wet Pine Flats. Thus, fires were probably re-
stricted to periods of drought, which occur on a longer return interval than the 1-
3 years required for maintaining Wet Pine Flats. In fact, pocosins burn about
every 15-25 years, while hardwood flats probably burn even less frequently. This
means that any areas of loamy or sandy loam mineral soils that could conceiv-
ably support Wet Pine Flats may be too isolated from the frequent fires required
to maintain open, grassy savannas. Thus, Wet Pine Flats may have been naturally
rare north of the Neuse River in North Carolina, and those that once occurred
there may have burned less frequently (see discussion of Switchcane/Pine
Savanna).

From the distribution of remnant Wet Hardwood Flats and the fine-textured
soils normally associated with them, it appears that hardwood-dominated wet
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flats overlap the Reference Domain of Wet Pine Flats in eastern North Carolina
(in MLRA 153A south of the Tar River and 153B south of the Neuse River). Al-
though little quantitative information is available on Wet Hardwood Flats, it is
clear that Wet Hardwood Flats and Wet Pine Flats are so different from one an-
other in their structure and species composition that they should be recognized as
separate subclasses of mineral soil flats. These differences will be discussed in
more detail in a later chapter.

Because remnant unaltered sites provide the most reliable information on his-
toric conditions, intact sites were sought to identify appropriate HGM subclasses
and develop reference standards. Reference sites were also chosen to represent
the types of alterations typical in Wet Pine Flats, the biogeographic and climatic
range over which they occur or once occurred, and their inherent range of natural
variation (with respect to soils, wetness, fire regime, etc.). In addition, sites were
selected to define the range of conditions for which models of functions and
reference standards would be applicable. Although the relationship between Wet
Pine Flats and Wet Hardwood Flats is discussed, assessment procedures and
reference standards provided in this Regional Guidebook are restricted to Wet
Pine Flats located in the Reference Domain previously identified.

Climate

Temperatures of the coastal plain from Virginia to Texas are ameliorated by
the proximity of the Atlantic Ocean and the Gulf of Mexico. As a consequence,
winters are mild, with the growing season ranging from 200-350 days per year
throughout the Reference Domain (USDA 1981). Mean annual precipitation is
relatively high (100-150 cm/year) throughout the Reference Domain, but varies
temporally with latitude. Annual precipitation gradually increases from Virginia
southward along the Atlantic coast and westward across the Florida panhandle.
Precipitation reaches a maximum between north Florida and central Louisiana
and then declines steeply westward to southeastern Texas.

Along most of the Atlantic coast, rainfall is fairly evenly distributed through-
out the year, while along the Gulf coast, greater amounts of precipitation occur
during summer as a result of convective thunderstorms and tropical storms. How-
ever, rainfall along both the Atlantic and Gulf coastal plains is insufficient for
maintaining saturated surface conditions during much of the summer. Localized
exceptions to this pattern sometimes occur in late summer and fall where a hurri-
cane or tropical storm makes landfall. However, flooding and saturated soils in
flats primarily occur during winter and early spring when ET rates are low.

Potential ET (indexed by annual temperature) increases rapidly from Virginia
southward to Georgia and then slowly from Georgia to Texas. As a result, the
annual water balance (the combination of precipitation and potential ET) in-
dicates that runoff and soil wetness decrease steadily southward from Virginia,
reach a minimum in Georgia, increase westward to a maximum between north
Florida and central Louisiana, and decline westward to Texas (Chow 1964,
Wenger 1984). Thus, long periods of mild temperatures, annual water surpluses,
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and poor drainage combine to provide the anoxic conditions needed to sustain
wetlands among interfluvial flats in the Southeast.

Hydrologic regime

Wet Pine Flats are distinguished from adjacent upland areas of low relief by
their poorer vertical drainage and slower lateral drainage. Poor drainage in Wet
Pine Flats is primarily due to their very low hydraulic gradients (<0.5 percent
slope). In addition, soils in Wet Pine Flats often have an argillic (clay) horizon,
which slows subsurface drainage.

Since Wet Pine Flats are flat and poorly drained, water level fluctuations are
primarily determined by the balance between input from precipitation and loss
due to ET. (Groundwater input appears to be negligible since the landscape in
which Wet Pine Flats occur is also relatively flat, and slow down-gradient sur-
face and subsurface flows balance groundwater input.) Thus, hydrologic regime
in Wet Pine Flats is closely related to seasonal fluctuations in both precipitation
and ET, which vary across the Southeast (as discussed earlier).

Wet Pine Flats with unaltered hydrology never flood deeply (10-15 cm maxi-
mum), but water tables can drop 1.0 m or more below ground when rainfall is
low and ET is high. Although outflow via surface (sheet) flow is slow and in-
termittent, at a landscape scale, outflow of water via overland flow may substan-
tially contribute to the water supply in down-gradient areas (e.g., coastal estuaries
and headwater streams) (Wolaver and Williams 1986, Williams et al. 1992).

Subclassification of mineral soil Wet Pine Flats

Classifications are designed to help the human mind organize data and per-
ceptions. Plant species distribute themselves individualistically with respect to
environmental parameters (Gleason 1926, Curtis and McIntosh 1951) because
certain environmental conditions are repeated in the landscape. These patterns
are used to classify vegetation. However, difficulties in classification arise in
places where environmental gradients are gradual (e.g., in flats where elevation,
and hence soil wetness, changes gradually over long distances). Therefore, past
classifications of fire-maintained pine flats are reviewed here and Wet Pine Flats
are reclassified in a way that is useful for differentiating wetlands from nonwet-
lands in order to assess functions. Also provided is insight into transitional con-
ditions among Wet Pine Flat cover classes, between Wet Pine Flats and uplands,
and between Wet Pine Flats and seepage (slope) pine savanna.

Past classifications of southern pyrophytic pine forests have been based on
differences in vegetation and soil moisture regime (see Christensen (1989) for an
overview). Unfortunately, nomenclature offered by various workers has often
been inconsistent and contradictory, particularly regarding moisture conditions
(e.g., mesic pine forest, wet savanna, flatwoods, etc.). In addition, most current
classifications do not differentiate wetlands from nonwetlands, thus making cur-
rent nomenclature difficult to apply for differentiating wetland classes. Further,
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alterations that affect vegetation (especially fire exclusion) tend to obscure dis-
tinctions among various classes, making it difficult to attribute differences solely
to natural variation (Glitzenstein, Platt, and Streng 1995). Therefore, nomencla-
ture is herein introduced to further subclassify Wet Pine Flats and show how
these newly recognized cover types correspond to classifications already in use
for pine savannas (both upland and wetland).

Over most of the Atlantic and Gulf coastal plain, unaltered Wet Pine Flats on
hydric mineral soil are fire-maintained ecosystems with few or no trees. It is be-
lieved that trees are sparse or absent because the combined stress of both pro-
longed soil saturation and frequent fire inhibits tree recruitment and survival
(Wells 1928). Therefore, all Wet Pine Flats, regardless of degree of wetness, are
open “savannas,” and correspond to the definition set forth by Peet and Allard
(1993) for savanna, “seasonally wet pinelands with widely spaced trees on min-
eral soil with graminoid-dominated ground layers, few shrubs, and often an ex-
ceptionally rich herbaceous layer.” Therefore wet pine savannas (sensu Peet and
Allard 1993) are Wet Pine Flats as defined here.

Herein, the term “mesic savanna” is used to designate the transition from wet
savanna to upland savanna or upland flatwoods. The term “flatwoods” is herein
restricted to upland pine forests with a moderately dense canopy and a dense un-
derstory of shrubs; soils of mesic savannas and flatwoods are not hydric (sensu
USDA 1996) and hence are not jurisdictional wetlands.

Peet and Allard (1983) classified wet pine savannas into two distinct physi-
ographic and biogeographic regions: (a) the Atlantic Coast Region from southern
North Carolina to the extreme northeastern tip of Florida (roughly corresponding
to MLRA 153A, 153B) and (b) the Eastern Gulf Coast Region from the panhan-
dle of Florida to the Mississippi River (roughly corresponding to MLRA 152A).
This biogeographic separation was based on the composition of the full suite of
wet pine savanna species examined from both areas and endemic plants restricted
to one or the other physiographic region. However, wet pine savannas in both
regions have many species in common. As a consequence, wet pine savannas in
both regions are more similar to one another in hydrology, biogeochemistry, and
habitat characteristics than intact wet pine savannas are to altered wet pine sa-
vannas within either region.

Based on broad similarities and differences among wet pine savannas, all
Wet Pine Flats were grouped into a single geographic region for determining ref-
erence standards, but classified sites were grouped into three cover types based
on vegetation (Figure 2). The term “cover type” is used to designate the three
main subclasses of the Wet Pine Flats in order to differentiate them from other
subclasses of wet flats. The three cover types of Wet Pine Flats on mineral soil
are: (a) Bunchgrass/Pine Savanna (which corresponds most closely to wet pine
savanna, sensu Peet and Allard (1993)), (b) Cypress/Pine Savanna, and
(c) Switchcane/Pine Savanna. This classification scheme is clearly not as detailed
as other classifications (Bridges and Orzell 1989, Schafale 1994), but rather was
designed to be the most practical for providing reference standards for use in the
functional assessment of Wet Pine Flats.
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Figure 2. Classification of Wet Flats of the Atlantic and Gulf coastal plains of
the United States. This guidebook focuses on Wet Pine Flats on
mineral soil

In their least altered condition, Wet Pine Flats have either few trees or no
trees (hence, the qualifier “savanna” in this classification of cover types). Where
trees are present, pine is usually a component of the canopy (hence, the qualifier
“pine”). Longleaf pine, pond pine, and, occasionally, slash or loblolly pine are
naturally associated with Wet Pine Flats, but pine composition in any given site
reflects its wetness, the natural biogeographic distribution of the four pine spe-
cies, and fire return interval (i.e., loblolly pine invades sites where fire frequency
has been reduced (Garren 1943)).

Pine is almost always present in savannas that support trees. Pond pine
(Pinus serotina) inhabits the wetter end of the wetness gradient in the Carolinas,
while longleaf pine (Pinus palustris) inhabits the more mesic end. Slash pine (P.
elliottii) sometimes shares the canopy with longleaf pine from southern South
Carolina to coastal Alabama (Penfound and Watkins 1937). Loblolly pine (Pinus
taeda) sometimes occurs in low abundance where switchcane (Arundinaria tecta)
cover is high. All four pine species can tolerate ground fires by the time they
reach 2-3 m (6-10 ft) in height, but longleaf is the only pine species whose
seedlings are adapted to tolerate fire.

The subcanopy stratum is relatively sparse in Wet Pine Flats that burn regu-

larly. Shrubs are also sparse and tend to be distributed in patches. Patches appear
to be associated with two factors: (a) shrubs are found on small areas of slightly
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higher topography scattered throughout many Wet Pine Flats and (b) many shrub
species that grow in Wet Pine Flats can resprout from roots following fire. Spe-
cies that produce root sprouts include several wax myrtle species (Myrica
cerifera, M. heterophylla, and M. indora), evergreen hollies (/lex glabra, 1.
coriaceae), titi (Cyrilla racemiflora), black titi (Cliftonia monophylia), sweetbay
(Magnolia virginiana), huckleberry (Gaylussacia dumosa), fetterbushes (Lyonia
lucida and L. mariana), various species of St. John’s wort (Hypericum spp.), and
running oak (Quercus pumila). Numerous other shrub species inhabit savannas
(Appendix D) and all of them displace herbaceous groundcover when fire be-
comes infrequent (Lewis and Harshbarger 1976).

Fire also prevents fire-intolerant pines and hardwood trees from invading
Wet Pine Flats. When fire is excluded, trees invade wet savannas and shade out
herbaceous groundcover species. Typical invaders include loblolly pine, slash
pine, blackgum (Nyssa biflora), red maple (Acer rubrum), sweetgum
(Liguidambar styraciflua), and the exotic Chinese tallow (Sapium sebiferum).
Invasion of trees and shrubs into wet savannas in the wake of long-term fire ex-
clusion may eventually lead to the accumulation of peat and less frequent fires.
However, the buildup of fuel makes it more likely that catastrophic crown fires
will occur during periods of drought.

The combined stress of fire and wetness has been responsible for the evolu-
tion of the extremely rich herbaceous flora for which Wet Pine Flats are best
known (Wells 1928; Frost, Walker, and Peet 1986; Pect and Allard 1993). More
than 40 herbaceous species per square meter have been recorded in some Wet
Pine Flats; thus, small-scale species richness of the herbaceous groundcover in
these communities ranks among the highest in the world (Walker and Peet 1983).
However, not all Wet Pine Flats are naturally so rich in species at such a small
scale; some Wet Pine Flats are overwhelmingly dominated by switchcane in the
understory with few other species present there. Other Wet Pine Flats are domi-
nated by sedges (Cyperaceae) in the herb stratum with a sparse overstory of pond
cypress (Taxodium ascendens). Differences among these types are outlined in the
following classification.

Bunchgrass/Pine Savanna. A Bunchgrass/Pine Savanna includes all mineral
soil Wet Pine Flats that support, or once supported, native bunchgrass species,
including toothache grass (Ctenium aromaticum), Muhly grass (Muhlenbergii
expansa), northern wiregrass (Aristida stricta), southern wiregrass (Aristida
beyrichiana), and several dropseed species (Sporobolus spp.). These species are
called bunchgrasses because they grow in clumps and produce small tussocks
10-15 cm high. This apparently maintains their elevation at or above water level
during periods of flooding. Wiry beakrush species (Cyperaceae: Rhychospora
spp.), which also grow in bunches, fill the ecological niche of bunchgrasses along
the western Gulf coast.

All the bunchgrasses and wiry Rhynchospora spp. are highly flammable (py-
rophytic) and resprout quickly following fire. As a consequence, these long-lived
graminoids help maintain sparsely treed or treeless savannas by encouraging fre-
quent, but “cool,” ground fires. Frequent fires eliminate fire-intolerant
competitors and prevent the invasion of hardwoods and ericaceous shrubs that
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would otherwise shade out and eliminate bunchgrasses (Schwarz 1907; Chris-
tensen 1981; Platt, Evans, and Rathbun 1988; Stout and Marion 1993). In effect,
savanna bunchgrasses influence the structure and function of the ecosystem
(Christensen 1989).

Numerous showy forbs take advantage of the elevated habitat produced by
bunchgrasses and wiry Rhynchospora spp, particularly species of asters (e.g.,
Eupatorium spp., Carphephorus spp., Liatris spp., Erigeron vernus, Solidago
spp., Coreopsis spp. Balduina spp., Marshallia spp.), orchids (e.g., Habenaria
spp., Cleistes divaricata, Spiranthes spp., Calopogon spp.), and lilies (4/etris
spp., Tolfieldia spp., Zigadensus spp., Pleea tenuifolia). Other, more flood-
tolerant species grow in the substrate between tussocks: pitcher plants
(Sarracenia spp.), yellow-eyed grasses (Xyris spp.), club mosses (Lycopodium
spp.), sundews (Drosera spp.), and pipeworts (Eriocaulon spp.).

Unaltered Bunchgrass/Pine Savannas support many rare plant species, some
of which are threatened and endangered (Frost, Walker, and Peet 1986) in the
Southeast, primarily because the rich array of herbaceous species characteristic
of fire-maintained Wet Pine Flats are endemic to this ecosystem and intact sys-
tems are extremely rare today.

When trees are present in a Bunchgrass/Pine Savanna, it is sparsely popu-
lated by longleaf pine or both longleaf and pond pine in the Carolinas or by
longleaf and slash pine from Georgia to Texas. At the transition from
Bunchgrass/Pine Savanna to mesic upland, pines increase in density, and legume
species are more prevalent (Peet and Allard 1983, Taggart 1994). In the
Carolinas, hydrophytic bunchgrasses and forbs are displaced by northern
wiregrass (Aristida stricta) toward the mesic end of the moisture gradient and
rarely occur in Wet Pine Flats. In contrast, southern wiregrass (A. beyrichiana) is
common in Wet Pine Flats along the Gulf coast.

Cypress/Pine Savanna. A Cypress/Pine Savanna occurs toward the wettest
end of the hydrologic gradient of Wet Pine Flats. Usually, soils in Cypress/Pine
Savannas have a fine-textured silt or clay subsoil that significantly impedes
drainage. In this cover type, pond cypress shares a sparse canopy with pines.
Longleaf pine is associated with cypress at the least wet end of the wetness
gradient, near the transition to Bunchgrass/Pine Savanna. Either pond pine (on
the Atlantic coast) or slash pine (on the Gulf coast) occurs with cypress toward
the wetter end of the hydrologic gradient, toward its transition with wetlands of
headwater streams.

The above transitional relationships also occur from Wet Pine Flats to the
cypress-hardwood depressions scattered throughout wet flats, except that the
transition is compressed. Soils in depressions also tend to be clayey, but, due to
their geomorphology and lower elevation, depressions hold water longer than
Cypress/Pine Savannas. Because depressions hold water for long periods, they
support both cypress and a mixture of hydric hardwood species that are intolerant
of fire as seedlings: red maple, blackgum, and sweetgum (however, older black-
gum and sweetgum will often produce root sprouts following dieback from fire).
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At the least wet end of the wetness gradient, the herbaceous stratum is usu-
ally dominated by the bunchgrass and forb species previously listed for Bunch-
grass/Pine Savanna, while toward the wetter end, the herb stratum is primarily
dominated by various sedge species, primarily Carex spp., Scleria spp., and non-
wiry Rhynchospora spp. (esp., R. carreyana). Although small-scale species rich-
ness is low in sedge-dominated sites, Cypress/Pine Savannas can be quite rich at
a larger scale (> 0.10 ha). Associated species often include Coreopsis falcata, C.
gladiata, Polygala cymosa, Eriocaulon spp., Rhexia virginica, R. aristosa, Iris
virginica, 1. tridentata, Aristida palustris, Lobelia boykinii, L. canbi, and
Lycopodium spp. (J. Glitzenstein, pers. comm.).

Switchcane/Pine Savanna. A Switchcane/Pine Savanna, as the name
implies, supports a preponderance of switchcane (Arundinaria tecta) in the herb
stratum. The following description is based on two intact sites located in Francis
Marion National Forest, South Carolina. In both sites, longleaf pine dominated
the canopy and switchcane dominated the understory. Many species indicative of
intact Bunchgrass/Pine Savannas were rare or absent, even though the
Switchcane/Pine Savannas appeared to burn regularly. It seems that switchcane
was dense enough to have outcompeted savanna herbs typically associated with
Bunchgrass/Pine Savannas. It is possible, however, that switchcane also displaces
native bunchgrasses when fire is excluded for a long period or fire return
intervals are lengthened.

Switchcane is tolerant of a wide range of conditions. It grows in upland flat-
woods, on floodplains of headwater streams, and in some Wet Pine Flats. Per-
haps switchcane displaces other savanna herbaceous plants in wet flats whose
soils are richer in nutrients than those of Bunchgrass/Pine Savannas. This could
provide one reason why the Switchcane/Pine Savanna is so rare: the most nutri-
ent-rich soils have been converted to other uses (e.g., agriculture, silviculture). In
addition, the naturally higher nutrient content in Switchcane/Pine Savannas may
have enabled understory shrubs (Lyonia spp., Ilex spp., Leucothoe spp., etc.) to
become so firmly established in fire-excluded sites that it is impossible to eradi-
cate shrubs and restore such sites without intensive manipulation.

Although it is uncertain how extensive Switchcane/Pine Savannas may have
been in the past, it is suspected that this subclass mainly occurred in the Caroli-
nas, particularly eastern North Carolina. However, Switchcane/Pine Savannas
may have once occurred in isolated pockets as far north as southeastern Virginia.
This conjecture is based on the fact that most pyrophytic savanna forbs and na-
tive bunchgrasses reach their northern distributional limit south of the Neuse
River (Radford, Ahles, and Bell 1968), while switchcane occurs northward into
Virginia.

Two factors complicate reconstructing the historic northern distribution of
Switchcane/Pine Savanna and the usefulness of this guidebook north of the
Neuse River in North Carolina: (a) hydric hardwood forests and shrub peatlands
(pocosins) cover most interfluvial wet flats north of the Neuse River and (b) ex-
clusion of fire in places that might have carried fire historically (i.e., the Great
Dismal Swamp) is so widespread that it is unlikely that natural, fire-maintained
Wet Pine Flats now exist north of the Neuse River.
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Effects of fire exclusion in Wet Pine Flats

Frequent fire prevents the accumulation of woody fuel in the shrub and sub-
canopy strata of Wet Pine Flats, thus perpetuating herbaceous savannas
(Heyward 1939) and a rapid turnover of nutrients (Christensen 1981, 1993); less
frequent fires (5- to 10-year interval) produce a shrubby understory and a more
dense midstory (Lewis and Harshberger 1976, Waldrop, Walker, and Peet 1993).
The exclusion of fire for long periods leads to a large increase in standing woody
biomass (primarily shrubs and subcanopy stems) and a higher probability of a
destructive crown fire (Waldrop, White, and Jones 1992), conditions that per-
petuate a longer fire return interval and more intense fires (Christensen 1993).

Historically, lightning usually started ground fires in upland and wet savan-
nas during summer months when convective thunderstorms are most prevalent
(Komarek 1974, 1977). It appears that summer burns stimulate flowering and
seed set in many savanna plants (Streng, Glitzenstein, and Platt 1991). However,
today, most prescribed (managed) burns are set in winter, which fails to stimulate
flowering of some savanna species, particularly the bunchgrasses. It is unclear
what the long-term consequences will be with this management strategy. Further,
in many areas where uplands are managed with prescribed burning, firebreaks are
maintained along wetland boundaries, thus preventing fires from spreading from
upland savannas to adjacent Wet Pine Flats.

Although much has been written about the effects of fire exclusion in upland
savannas, little is known about successional trends in Wet Pine Flats following
the exclusion of fire. From a limited number of studies in Texas (Streng and Har-
combe 1982) and Florida (Veno 1976), it appears that fire exclusion in wet sites
does not always lead to an invasion of trees; rather, shrub and subcanopy cover
increases while herbaceous cover and species richness declines. However, degree
of wetness, soil type, and nutrient status may affect the direction of succession in
Wet Pine Flats following fire exclusion (pers. obs). At the wet end of the wetness
gradient, in apparently more fertile soils and near borders of pocosins, many Wet
Pine Flats begin to resemble pocosins in vegetative characteristics over time:
pocosin shrubs invade, a histic epipedon forms, and plants indicative of Wet Pine
Flats disappear (Kologiski 1977). Where soils are more clay-rich, various hydric
hardwoods invade: sweetgum, blackgum, red maple, and swamp laurel oak
(Quercus laurifolia). In contrast, Wet Pine Flats closer to the mesic end of the
moisture gradient begin to superficially resemble upland pine flatwoods in
vegetative composition (i.e., shrubs such as inkberry and sweet bay invade and
become dense). More studies of controlled burning with attention paid to nutrient
status and hydrologic regime could shed light on the range of structural and
compositional changes that can occur over time after fire is excluded.

Hardwood and Successional Pine/Hardwood Wet
Flats on Mineral Soils

On silty soils, fire exclusion does not appear to cause Wet Pine Flats to suc-
ceed to hardwood forests (Streng and Harcombe 1982), even though slash pine,
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red maple, and sweet bay saplings often become more dense. However, it appears
that on loamy and sandy loam soils (which tend to be more prevalent toward the
northern end of the Reference Domain), fire-excluded Wet Pine Flats sometimes
develop a mixed canopy of pine and hardwoods that superficially resembles seral
Wet Hardwood Flats. However, there is a fundamental difference in the canopy
composition between successional Wet Hardwood Flats and fire-excluded Wet
Pine Flats: Wet Hardwood Flats support one to several oak species (Quercus
michauxii, Q. pagoda, Q. nigra, and Q. laurifolia) while oaks are largely absent
in former savannas.

Differences in vegetation are presumably due to differences in soil texture
and the radically different fire frequencies under which the two communities
have evolved (Harcombe et al. 1993). Because of greater water storage capacity
and lower rates of infiltration, fine-textured soils of Wet Hardwood Flats remain
saturated near the surface for long periods and are thus less likely to carry fire.
As a Wet Hardwood Flat succeeds toward maturity, it becomes more humid as
the forest floor becomes more shaded. Therefore, a combination of moist condi-
tions over prolonged periods, a buildup of humus, and a humid subcanopy would
have made hardwood flats resistant to fire, particularly the frequent low-
temperature ground fires characteristic of wet pine savannas. In contrast, soils in
Wet Pine Flats tend to be coarser in texture and, as a result, usually dry out in
summer. Therefore, the longer a Wet Pine Flat goes without burning, the more
fuel it accumulates, the more susceptible it becomes to burning, and the more
likely it will carry a catastrophic crown fire when fire inevitably occurs.

Except in four areas (see following paragraph), Wet Hardwood Flats may
have always been rare within the Reference Domain of Wet Pine Flats. His-
torically, the only places locally immune to frequent fire in the Southeast were
those naturally isolated from fire by open water, pocosins, drainages (stream
bottom swamps), and very poorly drained, clay-rich soils. (However, even
pocosins naturally burn once every 15-30 years.)

In the southeastern coastal plain, there are four large areas where natural fire
would have been infrequent on hydric mineral soil: (a) the outer coastal plain
from Delaware (pers. obs.) to the Neuse River in North Carolina (Cazier 1992,
Rheinhardt and Rheinhardt 2000), (b) the Big Bend area of northwestern penin-
sular Florida (pers. obs), (c) the loessial belt along both sides of the lower
Mississippi River beyond the Mississippi valley alluvium (pers. obs.), and (d) the
Big Thicket area of east Texas (Marks and Harcombe 1981, Harcombe et al.
1993). In all four areas, extensive flats occur on very poorly drained clay-rich
mineral soils which were probably too wet to carry frequent fire. Hardwoods are
favored on these fine-textured soils, and, although few Wet Hardwood Flats are
intact today, those remaining provide information on their historic composition.

In most of the rest of the Reference Domain, hydric hardwoods are primarily
restricted wetlands associated with headwater areas, those both with channels and
without discernible channels). It appears that fire occasionally burns through
hardwoods in headwater areas, though at a much lower frequency than in adja-
cent pine savannas. In light of similarities in canopy composition and
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geomorphic position, hardwood forests in headwater reaches without channels
should be more aptly classified within riverine headwater systems than with flats.
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4 Wetland Functions and
Assessment Models

The structure and sustained functioning of unaltered mineral soil Wet Pine
Flats depend upon three conditions: seasonally saturated soil conditions, frequent
fire, and unaltered soils. Hydrologic regime and fire drive ecosystem processes in
Wet Pine Flats and provide the environmental conditions under which specialized
assemblages of plants and animals have evolved. In addition, many of the plants
normally associated with Wet Pine Flats are sensitive to soil alterations, even
when hydrology and fire regime have not been altered. With these requirements
in mind, four functions are recognized for this subclass:

a. Maintain Characteristic Water Level Regime. Conditions in a Wet Pine
Flat that affect fluctuations in water level, including variations in depth,
duration, frequency, and season of flooding.

b. Maintain Characteristic Plant Community. The ability of a Wet Pine Flat
to maintain plant communities characteristic of unaltered, fire-
maintained Wet Pine Flats.

¢.  Maintain Characteristic Animal Community. Conditions within a site and
its surrounding landscape that together provide all the resources required
for maintaining the entire suite of animals characteristic of unaltered Wet
Pine Flats.

d. Maintain Characteristic Biogeochemical Processes. Conditions that are
necessary for a Wet Pine Flat to maintain biogeochemical processes at
the rate, magnitude, and timing characteristic for unaltered Wet Pine
Flats, including nutrient and elemental cycling, biogeochemical trans-
formations, and export of dissolved organic compounds.

The following sequence is used to present and document each function and
assessment model:

a. Definition. Defines the function and an independent quantitative measure
that can be used to validate the assessment model.

b. Rationale for selecting function. Presents the rationale for why the

function was selected, including potential onsite and offsite effects of
impacts.
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¢.  Characteristics and processes that influence the function. Describes the
characteristics and processes of the wetland being assessed, factors in the
surrounding landscape that influence the function, and lays the ground-
work for selecting model variables.

d. Description of assessment variables. Describes the model variables se-
lected to represent the characteristics and processes that most influence
the function in relation to functional capacity.

e. Functional Capacity Index. Provides the aggregation equation for de-
riving the functional capacity index (FCI) and discusses how wetland
ecosystem characteristics and processes, reflected in model variables,
interact to influence the magnitude of the function.

Function 1: Maintain Characteristic Water Level
Regime

Definition

This function reflects the capacity of a Wet Pine Flat to maintain variations
in water level characteristic of the ecosystem, including variations in depth, dura-
tion, frequency, and season of flooding or ponding. The function models the ef-
fects that alterations to hydrologic regime have on fluctuations in water level.
The model assumes that a Wet Pine Flat will maintain its characteristic water
level fluctuations if it is not hydrologically modified. Water table monitoring
(with wells) over long time periods would be required to independently charac-
terize seasonal and inter-annual variations in water level in unaltered (reference
standard) Wet Pine Flats.

To quantitatively determine the effects that alterations have on hydrologic
regime on water level fluctuations and test the validity of the model, one would
compare hydrographs from hydrologically altered sites with those derived from
reference standard sites. Each submodel and variable used in the function would
have to be tested independently (i.e., each alteration would have to be tested with
none of the other hydrologic factors being altered). In doing so, one would have
to control for natural variations in soil drainage characteristics and regional cli-
matic differences.

Since the hydrologic function affects the other functions identified in the Re-
gional Guidebook, it would also be worthwhile to determine how specific altera-
tions to hydrologic regime affect the other functions as well. For example, one
could determine how drainage affects the plant composition of Bunchgrass/Pine
Savannas by comparing plant community composition (and/or indicator scores)
relative to distance from a drainage ditch. In so doing, one would have to account
for variations in ditch depth, soil type, climate, and time since alteration.
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Rationale for selecting the function

Hydrologic regime is one of the main factors controlling ecosystem functions
in wetlands, including those of Wet Pine Flats. The timing, duration, and depth of
fluctuations in water level affect biogeochemical processes and plant distribution
patterns. Flats differ from other wetland types in that fluctuations in water level
are primarily vertical, driven by a balance between precipitation and ET.
Alterations to the input, export, or storage of water all change the pattern of spa-
tial and temporal variations in hydrodynamics, which in turn affect biogeochemi-
cal and habitat functions. These alterations include impounding water, surface
and subsurface drainage (ditching), fill or excavation of soil, transport of water
into a site from another catchment, and changes in potential ET, microtopogra-
phy, and soil porosity.

Characteristics and processes that influence the function

Precipitation is by far the major source of water into Wet Pine Flats; ground-
water discharge to these systems is minimal. ET is the major export pathway, but
the slow export of water downgradient (via surface and subsurface flow) is an-
other pathway. Detailed data on hydrologic regimes in Wet Pine Flats are sparse,
but the limited data show that subsurface hydraulic conductivity is extremely low
(10-12 em/day) (Riekerk 1992). Surface flow rates are generally higher than
groundwater rates but are still relatively slow (20-80 cm/hr), primarily due to low
topographic gradients (Carlisle et al. 1981). In addition, hydraulic gradients of
groundwater may sometimes flow counter to surface topographic gradients in the
vicinity of depressions, a response to differences in transpiration rates in adjacent
areas (Crownover et al. 1995).

Although downgradient flows are slow, Wet Pine Flats tend to be extensive
and so export large quantities of water downgradient (Wolaver and Williams
1986, Williams et al. 1992). Because Wet Pine Flats are low gradient, and thus
not hydrodynamically energetic, most alterations to hydrologic regime (with the
exception of artificial drainage) are very localized in their effect on biogeo-
chemical processes and habitat quality. For example, a dam (even a low one such
as a road fill) can impede surface flow and back water up over a large area, thus
inundating the area upgradient from the dam for a longer-than-normal period.
Input of excess water from offsite can likewise increase the duration and depth of
water levels. On a more local scale, fill and excavations of soil alter flooding
depth and duration in the footprint of the fill or excavation. An increase in leaf
area index (LAI) due to fire exclusion or a decrease due to mechanical clearing
alters the rate that water is lost to the atmosphere via ET. These alterations to
water balance change the duration and timing of flooding and the saturation of
soil in the upper horizons. In contrast, artificial drainage also affects conditions
offsite in that water conveyance structures (ditches and tile drains) transport
water, nutrients, and dissolved organic matter to streams at a higher rate of out-
flow than would occur in the absence of drainage, thus altering the hydrologic
regime of streams downgradient and contributing additional nutrients to them.
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Water level fluctuations can be quantified with data obtained from
monitoring wells over time. However, the collection of monitoring well data is
time consuming and expensive and therefore not practical for rapidly assessing
functions. The approach taken here was to model alterations to the hydrologic
regime and to evaluate the effects of hydrologic alterations (where possible) on
other field indicators. The assumption taken is that if there has been no alteration
to the hydrologic regime of a Wet Pine Flat, then it will maintain its hydrologic
regime, and that regime will be within the natural range of variability character-
istic for unaltered Wet Pine Flats. In other words, this function models alterations
to hydrologic regime.

To calibrate a model variable designed to indicate degree of alteration, it is
necessary to isolate the effect that a single alteration has on the function. Unfor-
tunately, it was difficult, and for some variables not possible, to locate reference
sites wherein only one selected hydrologic parameter had been altered. Fortu-
nately, water table behavior can be calibrated from hydrodynamic principles de-
rived from research on the effects of alterations in a variety of soil types.
Hydrologic monitoring should be undertaken to better calibrate the indirect indi-
cators (model variables) used here to model alterations to water level regime.

Description of model variables

Indicators of hydrologic alterations are used both to determine the FCI and to
divide a Wetland Assessment Area (WAA) into partial WAAs. In most cases,
once a WAA has been defined by a given type of hydrologic alteration, only the
hydrologic field indicator specific to that alteration is relevant to the function
(i.e., all other field indicators are usually trivial in their effect). Thus, hydrologic
field indicators both guide one in determining boundaries of WAAs (see Defin-
ing the WAA in Chapter 5) and provide variables for the hydrologic submodels
that determine FCls.

Surface Flow of Water (Vsurrriow). This variable represents the surface
flow of water across a wet flat. Any obstruction placed perpendicular to the
gradient of a wet flat will alter the water level regime of a Wet Pine Flat by
impeding the flow of surface water through it. An impediment to flow (dam)
causes water to flood more deeply, more frequently, and for a longer period on
the upgradient side of the dam than it would have, had a dam not been in place.
In contrast, a water deficit (relative to the undammed condition) occurs on the
downgradient side of a dam (i.e., water generally floods less deeply, less
frequently, and for a shorter duration). Therefore, a dam increases surface water
storage upgradient and decreases surface water storage downgradient.

Dams caused by roads are not usually very high (0.5 m or less), but because
gradients are so low in flats, even a low dam can create a relatively large
reservoir upgradient and a reservoir shadow downgradient. For example, if a
given wet flat has a slope of 0.2 percent and a dam crossing it is 0.5 m high at its
lowest point, the area impacted by the dam will extend 250 m in both the upgra-
dient and downgradient directions (distance determined by dividing dam height
by slope of flat) (Figure 3a). Because water levels in Wet Pine Flats are primarily
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Figure 3.

Alteration to hydrologic regime caused by an impediment
to surface flow (Vsureriow). (@) For dams that cross a flat
perpendicular to the direction of flow, the elevation of the
overflow point (A) is the same as that of the reservoir
boundary (area within dotted line below C). The distance
from A to C equals the distance from the outlet point (B)
to the boundary of the reservoir shadow (area within
dotted line above D). Assuming a constant gradient, if the
gradient of the wet flat is 0.002 (0.2%) and the overflow
point on the dam is 0.5 m high, then the distance from A
to C and B to D is 250 m (0.5/0.002). Note: footprint of
dam is treated as a fill (see Vsrorace). (b) Dam crossing
a wet flat at angle that is not perpendicular to flow. The
area upslope is determined by circumscribing a boundary
of elevation equal to that of the outlet point, but its
precise shape is unknown. The reservoir shadow is
assumed to be the same size as the reservoir. The sub-
index for VsyrrrLow is 0.1 in the reservoir and 0.5 in the
reservoir shadow in both examples.
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controlled by a balance between precipitation and ET, a reservoir may only fill
with water completely when precipitation exceeds ET for extended periods or
when a major precipitation event occurs.

Roads are the most common type of impediment constructed across Wet Pine
Flats. Most roadbeds are constructed using material excavated along one or both
sides of a road’s route, thus creating adjacent ditches. Usually, enough material is
excavated to ensure that the road will be above the normal flooding height.
However, roadside ditches are sometimes designed so that they will also drain
water away from the road and the Wet Pine Flat through which it traverses. For
situations in which a ditch adjacent to a dam drains a Wet Pine Flat, the effect of
the ditch supersedes the effect of the dam (see Vourrrow and Chapter 5 on
defining WAA boundaries).

To determine the area over which a given dam alters hydrologic regime, one
must know the height of the dam and the gradient (slope) of the flat over which
the dam crosses. Gradients are extremely low in Wet Pine Flats (in reference
sites, mean gradient was 0.0018) and so a laser level or equivalent surveying
equipment would be required to obtain accurate measurements of gradients.
Since access to a laser level or surveying equipment may not always be possible,
two methods for determining area altered by a dam are provided: one method
requires a laser level or surveying station and the other requires a hand level, a
stadia rod, and information from reference data.

Method 1. Determine the lowest point on the dam (overflow point). The
lowest point could be located on the upper surface of the dam (if no culvert is
present) or at the base of the lowest culvert under the dam. If culverts are present
and their base elevations (overflow points) are at or below ground level, then
there is no obstruction of surface flow. However, if the overflow point is above
ground level, use a laser level or surveying station to locate a point or points
upgradient from the dam that are at the same elevation as the overflow elevation.

All points upgradient from the dam that are at the same elevation as the
overflow point are used to map the reservoir boundary (the perimeter of the area
altered on the upgradient side of the dam). If the obstruction lies perpendicular or
nearly perpendicular to the gradient, the dam is low, and the gradient is uniform
across the entire flat, the reservoir boundary will usually circumscribe a 180-
degree arc centered on the overflow point (Figure 3a). However, if the upgradient
surface or slope is irregular, the shape of the reservoir will be irregular as well.

If the obstruction is not perpendicular to the direction of flow, the area
upslope can be determined by circumscribing a boundary of elevation equal to
that of the outlet point. Its precise shape is unknown, but may be in the shape of
ellipsoid with the focus at the overflow point (Figure 3b). If areas of slightly
higher elevation border the flat near the dam, then a survey of elevations equal to
that of the outlet point is required. The reservoir shadow can be assumed to be
the same size as the reservoir. The area altered on the downgradient side of the
dam (reservoir shadow) should be assumed to be a mirror image of the area
altered on the upgradient side. High dams may form a dendritically shaped
reservoir, the boundary of which will follow the contour of the outlet elevation.
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Method 2. Because a hand-level is used with this method, this method can
only be used for low elevation dams where the reservoir is expected to be small.
It assumes a gradient of 0.2 percent (0.002), which was derived from the mean
gradient of reference sites. To determine dam height, place the hand-level at a se-
lected height (on a pole or tripod) above the overflow point and sight a level line
toward a plumb stadia rod directly upgradient from the dam. The stadia rod
should be placed as closely as possible to the dam, but on unaltered topography
(i.e., not in an adjacent ditch if one is present or atop a hummock). Subtract the
elevation of the hand- level (pole or tripod height) from the elevation read on the
stadia rod; this difference is the height of the dam. If the dam is perpendicular to
the gradient, calculate the radius of the 180-degree arc that defines the upgradient
(reservoir) and downgradient (reservoir shadow) by dividing dam height by
0.002. For example, a 0.5-m-high dam would be expected to alter a circular area
with a radius of 250 m (0.5 m/0.002), half of which is located upgradient and half
downgradient from the dam. Each area (partial WAA) would cover [(pi * r*)/2] =
9.82 ha (24.3 acres).

Variable Subindex:

10 .

oS

0.0

To calculate the subindex for
Surface Flow of Water VsurrrLow, assume that the entire area

within a dam’s reservoir is completely

altered hydrologically by the dam (i.e.,
VSURFFLOW: 01) Likewise, assume
that hydrology in the reservoir shadow
is partially altered (i.e., Vsyrrrrow =
0.5). All area outside the reservoir and
reservoir shadow are completely
unaltered by the dam (i.e., Vsurrrrow
=1.0). A graphical illustration of the
relationship between the variable
subindex and functional capacity is
provided in Figure 4.

Outflow (VOUTFLOW)- This

No Dam Dam Shadow  Dam Raserv variable represents the flow of water
Alteration to Surface Flow in the downgradient direction. The rate

Figure 4. Relationship between surface flow of
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of downgradient flow is altered by
drainage conveyance structures such
as ditches and tile drains. Drainage
conveyances alter water level regime
in wet flats by more rapidly exporting
subsurface water located in the vicinity of a drainage feature. Soil in a Wet Pine
Flat adjacent to a drainage feature is saturated for a shorter duration and less
frequently than it would have been had the drainage feature not been present. The
lateral distance over which the hydrologic regime is altered is related to the depth
of the drainage feature, the saturated hydraulic conductivity of the soil through
which water is being drained, and the drainable porosity of the soil. Fine-
textured, clayey soils impede groundwater flow more than porous loamy or sandy
soils; thus, fine-textured soils naturally drain more slowly than coarse-textured
soils. Likewise, deep drainage features drain over greater lateral distances than
shallow drainage features.

water and functional capacity
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The lateral effect of drainage features can be determined by matching soil
series with the effective depth of the drainage feature (see Chapter 5 on bounding
the WAA). The lateral distance over which a given drainage feature will drain a
given soil type was derived using the van Schilfgaarde equation (Appendix C).
This algorithm was developed to determine the optimum depth and spacing of
ditches for draining agricultural fields. The equation uses the depth of a drainage
feature and information on soil permeability and porosity, and then integrates
these data over time to estimate the distance over which a given drainage convey-
ance will remove water (its lateral drainage distance) over a given period of time
(Figure 5).
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Figure 5. Lateral drainage effect of ditches on subsurface water storage.
(a) Dashed line shows extent of altered water table (lateral distance)
on both sides of ditch: from A to D and from B to C. (b) Plan view.
Wetland Assessment Area (WAA) should be split into two partial
WAAs (WAA; and WAA,) based on lateral effect of drainage from
ditch
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The van Schilfgaarde equation was
Outflows of Water used to determine lateral drainage dis-
tance based on saturated soil conditions
for 5 percent of the growing season in
coastal South Carolina (for the deriva-
tion, see Appendix C). It was assumed
that the hydrologic regime of any area
that falls within the effective lateral
distance of drainage will be completely
altered (i.e., the subindex for Vourrrow
— =0. 1.). A graphical illustratign of the
relationship between the variable
subindex and functional capacity is
provided in Figure 6.
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Figure 6. Relationship between artificial Any WAA within the lateral
drainage and functional capacity drainage distance should be treated as a
partial WAA (see Defining WAAs in
Chapter 5). In preproject assessments, this area may have already been
designated as upland and excluded from the delineated wetland to be assessed.
However, the lateral drainage area would be assessed when estimating the
potential gain in functions that could be achieved by restoring a ditched area or in
assessing the loss in functions caused by ditching that was not permitted.

Any part of the WAA outside (beyond) the area of lateral drainage effect
would not be altered by drainage (i.e., Vourrrow = 1.0) and should be treated as
another partial WAA. In assessing this variable, care should be taken to deter-
mine if a ditch or other drainage feature is effective in draining a portion of the
WAA. To be effective in draining, a conveyance structure must be capable of
transporting water away from the WAA (note, sometimes a ditch is created to
provide fill material for an adjacent road but does not export water from a site). If
the drainage feature does not drain any portion of a WAA, the ditch should be
treated as an excavation (see Vsrorace) and the Voyrrrow variable is not applica-
ble (i.e., the subindex for Voyrrrow =1.0). Sometimes, a ditch transports water
into a wet flat from elsewhere, thus increasing the flow of water into or through
the flat (see VINFLOW)-

The variable Voyrrron Was calibrated using a database on soil drainage char-
acteristics of soil types identified in reference sites and other soils in which Wet
Pine Flats are likely to be associated (see Appendix C); it was not calibrated with
onsite hydrologic data. Further calibration and refinement of this variable should
be derived from studies with monitoring wells in Wet Pine Flats.

Surface Water Storage (Vsrorsce)- This variable represents material placed
on or excavated from a Wet Pine Flat. Removal or addition of material alters
water storage capacity, which in turn alters water level regime at the location of
the fill material or excavation. Placing material (soil, debris, etc.) on a Wet Pine
Flat alters water level regime by reducing the capacity of the flat to store surface
water, while excavating material reduces the capacity to store water in subsurface
pore spaces. Roads are the main type of fill material placed in Wet Pine Flats,
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while ditches are the most common excavation. Usually, ditches on one or both
sides of a road are excavations from which the road is constructed. If the ditches
are not designed to drain water from a WAA and culverts allow water to flow
unimpeded under the road, then both the road and ditches are together used to
demarcate a partial WAA (Figure 7c) wherein the subindex for Vgrorace = 0.1.
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Figure 7. Interactive effects of several types of alterations to hydrology
associated with a dam and ditch. See Fig. 3 for plan view. (a) Site
with a dam (road), but no ditch. Height of dam (h) = b minus a, where
b = distance from ground to hand level and a = top of dam to hand
level. Hydrologic alteration by Vsyrrrow 0ccurs from A to C
(reservoir) and from B to D (reservoir shadow). Hydrologic alteration
of fill (Vsrorace) is determined by footprint of dam (from A to B). (b)
Site with a road culvert under road, no ditches. Only Vsrorace is
applicable between A and B. (c) Site with a road, ditches alongside
road, and culverts under road, but ditches do not drain site.
Hydrologic alteration is restricted to footprint of road and ditches
(Vsrorace) from A to B. (d) Site with a road, ditches that do not drain
site and no culverts under road. Hydrologic alteration occurs in
reservoir and reservoir shadow (VsurrrLow) from A to C and from B to
D; alteration due to footprint of road and ditches (Vsrorace) OCCUrs
from A to B. (e) Site with a road and ditches that drain the site.
Hydrologic alteration is due to drainage effect of ditches (VourrLow)
occurs from B to E and from A to F; alteration due to footprint of road
(Vstoracge) occurs from A to B
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However, sometimes a road (or other addition of material) across a Wet Pine
Flat also impedes (dams) surface water flow (i.e., there are no culverts under the
road). In this case, at least three partial WAAs would have to be determined: one
for the road (and ditches if present) wherein the subindex for Vsrorsce = 0.1, one
for the reservoir wherein the subindex for Vsyrrrrow = 0.1, and one for the reser-
voir shadow wherein the subindex for Vsyrprow = 0.5 (Figure 7d).

Usually, ditches alongside roads are

Surface Water Storage also designed to drain water. In such
cases, at least two partial WAAs would

=
o

wariable Subindesx

o
]

have to be demarcated: one for the areca
where the road and ditch or ditches
occur, wherein the subindex for Vsrorige
= 0.1, and one for the area drained by the
ditch or ditches, wherein the subindex for
Vourrrow = 0.1 (Figure 7¢e). A graphical
illustration of the relationship between

the variable subindex and functional
1

capacity is provided in Figure 8.
Absent Present

Fill ar Becavation It was assumed that adding or

Figure 8.
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removing material displaces surface area
Relationship between surface water available for storage in the area displaced
storage and functional capacity by the fill material or excavation. This
assumption was made because flooding
is usually shallow in wet flats (10-20 cm) and the addition of material is designed
to bring the land surface above the usual depth of flooding (i.e., the height of fill
material is nearly always greater than the maximum flooding depth). Therefore,
alteration of surface storage capacity can be directly determined by area covered
by fill material. Likewise, an excavation (e.g., borrow pit) reduces subsurface
storage capacity (see soil porosity variable). (A ditch with no outlet is treated as
an excavation, see Vsrorscr). Therefore, alteration of subsurface storage capacity
can be directly determined by area of excavation. In preproject assessment, areas
with fill are excluded from delineated wetlands and thus not subject to a
functional assessment. However, the area would be assessed if it were being
considered for potential restoration (by removing fill) or to determine loss in
function if the fill were not permitted.

Since Wet Pine Flats are not completely flat (mean slope = 0.2 percent), it is
not necessary to determine the proportion of the entire wet flat that has been cov-
ered or excavated to estimate an alteration in hydrologic regime (as would be
necessary in a depressional system). That is, the effect of fill material or excava
tion is restricted to the footprint of the alteration in a flat. However, one must
determine whether fill material is placed across the gradient of the wet flat, thus
creating an impediment to surface water flow (see VsurrrLow)-

One can use a tape measure or surveying equipment to estimate the area cov-
ered by fill material or removed by excavation. Alternatively, one could deter-
mine the area covered by fill material or area excavated from high-resolution
aerial photos and then digitize the area or overlay a dot grid overlay.
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Evapotranspiration Potential (Vg7). This variable represents the potential
loss of water to the atmosphere via evaporation and plant transpiration.
Groundwater input is negligible in Wet Pine Flats and any input from
groundwater from slightly higher elevations is insignificant relative to input via
precipitation. Rather, water level fluctuations are primarily controlled by the
balance between precipitation and ET under the influence of local climatic
conditions. Local climatic conditions are not under anthropogenic control, but
both evaporation and transpiration rates can be anthropogenically altered by
excluding fire or planting trees for silviculture.

The balance between evaporation and transpiration is controlled by seasonal
climatic influences and vegetation cover. Removing vegetation reduces transpi-
ration rates, thus allowing the water table to rise. (Ponding and evaporation occur
during periods when the water table rises above ground.) Planting trees increases
transpiration somewhat relative to the unaltered condition (i.e., sparsely canopied
savanna).

Water is rapidly lost during the growing season in Wet Pine Flats via evapo-
ration from standing (ponded) water and transpiration by vegetation from soil
water. When there is no vegetation to transpire water to the atmosphere, the
water table remains near the surface for longer than it would have naturally, had
vegetation been left intact. Excluding fire or planting trees for silviculture in-
creases leaf area index (LAI) and hence ET rates. However, in the southern por-
tion of the Reference Domain (north Florida and along the Gulf coast), open-
water evaporation may be greater than ET (Liu, Riekerk, and Gholz 1998),
meaning that removal of vegetation can augment the rate of water loss during
periods when the water level is above ground. Therefore, any alterations in Wet
Pine Flats that affect vegetation cover, a primary determinant of ET rates, affect
the timing, duration, and depth of flooding and soil saturation.

The most widely used estimate of transpiration potential is LAI, which is the
ratio of leaf area per unit of ground area. Thus, LAI declines when vegetation is
removed and increases when fire is excluded or trees are planted. Two ap-
proaches are available for determining Vg7 subindex scores. The first approach
requires knowing site history (i.e., types and timing of specific alterations that
affect LAI); the second is based on the condition of vegetation, derived from
estimated LAI values from all strata. However, if the WAA has burned within the
prior 6 weeks, the assessment should either be conducted at least 6 weeks after
the fire or assume that the subindex for Vgr= 1.0.

a. Site history known. Site history can be provided by land managers or
from anyone familiar with the site’s management history. If the last fire
(LF) was within the past 0-3 years, assign a subindex of 1.0 to Vgr. If the
last fire occurred 3-10 years ago, Vgr= (0.30 (10 - LF)/7) + 0.70, where
LF is the number of years since last fire. For sites in which fire has been
excluded for 10 years or more, Vgr=0.70. If a site is being periodically
mowed to maintain a utility right-of-way (power line, gas line, etc.) or is
periodically mowed for some other reason, treat mowing the same as a
burn (i.e., Vgr=(0.30 (10 - LM)/7) + 0.70, where LM is the number of
years since last mowing). A graphical illustration of the relationship
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Evapotranspiration (ET) betwe?en the Varigbl§ subiqdex gnd
functional capacity is provided in
1.0 \ Figure 9. The form of this
x 0.8 equation was based on a
E 0k e~ combination of published data on
a ET rates in flats (Liu, Riekerk, and
I Gholz 1998) and measured LAI in
§oz Wet Pine Flats reference sites.
0o
o 4 3 5 7 3 4 15 2 b. Site history is not known or if
Yearsgince lag fire or mowing WAA has been planted with pines.
If the fire history is not known or

the site has been planted with
pines, then quantitative data are
needed to determine Vgr. Conduct
the following measurements at
each sample point in an imaginary 2-m-radius cylinder reaching
skyward. In each cylinder, first partition vegetation by the following
strata: (1) groundcover (herbaceous plants < 1 m tall), (2) low shrubs
(woody plants <1 m tall), (3) woody subcanopy (woody plants > 1 m tall,
but < 7.5 cm dbh), (4) midcanopy (trees with stems 7.5-15 cm dbh), and
(5) canopy (trees with stems > 15 cm dbh). Next, within the 2-m
cylinder, determine the cover category (Table 4) that best represents the
percent cover for each stratum listed above and assign the midpoint of
each cover category to the stratum.

Figure 9. Relationship between fire/mowing
and functional capacity

Table 4

Cover Classes and Midpoint Values for Each Class

Cover Class % Class Midpoint % Cover Value

0 0.0 0.000

0-5 25 0.025

5-25 15.0 0.150

25-50 375 0.375

50 50.0 0.500

50-75 62.5 0.625

75-95 85.0 0.850

95-100 97.5 0.975

100 100.0 1.000

> 100 100.0 1.000

Note: These midpoint values are used to estimate cover in plots. First determine if cover is more,
less, or equal to 50%. If cover is > 50%, decide if cover is more or less than 75%. If > 75%, decide if
E:g\é%r).is more or less than 95%. If cover is < 95%, then cover is 75-95% with a midpoint of 85%

Multiply the assigned constant LAI values for each stratum by the midpoint
of the cover category for the stratum: 1 x groundcover, 2 x low shrub, 3 x
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subcanopy, 4 x midcanopy, 5 x canopy. This provides a composite LAI value for
each stratum in the plot. Sum the composite LAI scores across all strata to obtain
a plot LAI score. Sum all plot LAI scores and divide by the number of plots
sampled to obtain a mean site LAI score for the WAA. For an example, see
Table 5. To derive an indicator for LAI for Bunchgrass/Pine Savanna, if the site
LAI < 2.0, then Vgr=1.0; if site LAI is between 2.0 and 3.0, then Vgr=1.0 —
[0.3 (LAI—2.0)], if site LAI > 3.0, then Vgr=0.7. For Cypress/Pine and
Switchcane/Pine Savannas, if site LAI < 3.5, then Vgr= 1.0, if site LAl is
between 3.5 and 5.0, then Vyr=1.0 — [0.2 (LAI - 3.5)], if site LAl > 5.0, then
Ver=0.7. A graphical illustration of the relationship between the variable
subindex and functional capacity is provided in Figure 10 for Bunchgrass/Pine
and Figure 11 for the other two cover types.

Inflow of Water from an Exogenous Basin (VyrLow). This variable repre-
sents the proportional increase in water table elevation caused by water trans-
ported into a WAA from other drainage basins. Water transported into a Wet
Pine Flat can increase the volume of water the flat must transport downgradient,
thus increasing the depth, duration, and timing of hydrologic fluctuations
downgradient from the point at which water is imported. Some ditches along
major roads or highways may bring water into Wet Pine Flats from adjacent
drainage basins. Also, development near urbanizing areas can shunt surface
runoff to wet flats if appropriate grading and storm runoff controls are not
applied.

To estimate the amount of excess water entering a WAA, one must know the
size of the drainage basin from which the excess water is being transported
relative to the size of the natural drainage basin of the WAA. If part of the WAA
is located upgradient from the point of water importation, the WAA must be
partitioned into at least two separate WAAs, one above the water input point
(where V yr 0w = 1.0) and one below the input point.

Use aerial photographs and county drainage maps (where available) in
conjunction with U.S. Geological Survey (USGS) topographic maps to establish
the boundaries of the drainage basins (natural and exogenous basins). Air photos
and county drainage maps could be used to determine the source of ditches or
other artificial water transport structures; USGS maps are used to determine
drainage basin boundaries (topographic boundaries). (Note: this may be difficult
in Wet Pine Flats because elevation contours provided on USGS maps are not at
the detail required for delineating drainage basins in flats.) Estimate (a) the size
of the exogenous drainage basin from which excess water is being imported and
(b) the size of the natural drainage basin at the point where excess water is being
imported. The size of the exogenous drainage area could be obtained by
subtracting the size of the natural drainage basin from the size of the total
drainage basin at the point where water is being imported. In other words,
EB=TB-NB, where EB is the exogenous drainage basin size, TB is the total
drainage basin size, and NB is the natural drainage basin size. Either digitize the
drainage basin areas or use a planimeter or dot grid overlay to determine areas.

Another possible way to measure the extent of alterations by water impor-
tation may be to determine marked changes in vegetation caused by excessive
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flooding. If an effect can be seen, delineate a partial WAA along the boundary
where excess water has altered vegetation. Altered vegetation would include an
abrupt change to more hydrophytic plants (e.g., bunchgrasses to sedges) or large
areas of unvegetated ground resulting from flooding over long periods. However,
near the outer edges of the reach of the alteration, one might not be able to find
abrupt differences in vegetation patterns.

Calibration of this variable was not based on reference sites, because no
reference sites could be located that had been altered by the importation of water
from outside a natural drainage basin. (It is not certain that this alteration has
ever occurred in a Wet Pine Flat, but there is a potential for it to occur.) In
calibrating VyeLow, it was assumed (see equation below) that the importation of
water has an additive negative effect on water level regime such that a doubling
of water volume completely alters water level regime (i.e., Viyrow = 0.0 when
water volume is doubled) and that less than twice the water input alters
hydrology, but not completely. Further research is needed to determine the effect
importation of water has on water level regime in Wet Pine Flats and how far
downgradient from the water input point hydrologic effects should be expected to
occur.

To determine the subindex for V yg 0w, divide the size of the exogenous ba-
sin by the natural drainage basin (the exogenous basin is the total basin size mi-
nus the size of the natural drainage basin) and subtract from 1.0. For example, if
the size of the WAA’s natural drainage basin is 100 ha and the total size of the
drainage basin is 125 ha, the size of the exogenous drainage basin is 25 ha
(125 ha - 100 ha). Therefore, the subindex for Vg ow is derived from the ratio
(in size) of the excess basin to the natural basin, where V yrom = 1.0- (25/100)
= (.75. If the drainage basin area from which excess water is imported is larger
than the natural drainage basin (i.e., equation above provides a negative number),
then assign 0.0 to Vygom). A graphical illustration of the relationship between
the variable subindex and functional capacity is provided in Figure 12.
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Microtopographic Features

Inflow of Water from an Exogenous Basin (Vmicro)- This field variable represents
the integrity of natural microtopographic
10 features in a wet flat. Microtopographic
features are variations of 5-20 cm in
% 08 1 elevation that occur over small spatial
g scales (25-200 cm?). These small-scale
W 951 features slow the flow of surface water,
# thus increasing surface storage capacity.
2997 Therefore, altering microtopography will
. alter the duration and depth of flooding

o 05 10 in a Wet Pine Flat.
Ratio of exogenous basin ares to naurd basin area